Abstract -A cytotaxonomic survey has been carried out on 87 species and 11 subspecies of Eriospermum (Eriospermaceae). The results show that the basic haploid number varies from x=5 to x=10 and that, according to karyotype, the species can be subdivided into eight distinct Groups. The larger number of species belong to Group A with 62 taxa. Group E karyotype, found in nine species, is bimodal and includes three large and either six or seven small chromosomes. Some of the karyotype Groups include species which belong to different taxonomic aggregations. Overall, the direct comparison, between the taxonomic conclusions and those indipendently reached through chromosome analysis, has shown a good although not complete concordance. The very distinct karyotypes of the eight Groups of species of Eriospermum suggest specialized genes assemblages in response to environmental conditions. Further, the existence of certain remarkable characters such as the enations present in several species and the peculiar position of the growing point, mostly underneath the tuber, can be considered as special adaptive features to the generally arid conditions in which most of the species live.
INTRODUCTION
The name Eriospermum was coined by Jacquin and used in his description of five species between 1786 and 1793 and the name of the genus was validated by Willdenow in 1789. A few illustrations of undoubted species of Eriospermum had been previously published by BREYNE (1678) and by COMMELIN (1701) , but these were included in the genus Ornithogalum by LINNAEUS (1753) .
Because of its confusing and peculiar characters, for a long time, the genus has been considered of rather uncertain affinities. Examples of Eriospermum peculiarities, as mentioned by KER-GAWLER (1821) , are the flowers very similar to those of Albuca (Liliaceae), the tuber similar to that of Wachendorfia (Haemodoraceae) and the seeds covered by long white hairs like those of Tillandsia (Bromeliaceae). HUBER (1969) in his studies on seed morphology and affinities in the Liliiflorae, regarded the genus distinctive enough to warrant its own family Eriospermaceae. Huber's hypothesis has been validated by DAHLGREN (1980) in his modified system of classification in the Angiospermae.
The genus has been recently revised by PERRY (1994) and includes 102 species of deciduous geophytes, with an underground hypocotyledonary tuber, distributed in sub-Saharian Africa.
The greatest number of species is found in the drier parts of the Western Cape Province of South Africa and in Namibia.
As a genus Eriospermum has been somewhat neglected in the past and, in fact, the revision by PERRY (1994) is the first attempt to study the ge nus as a whole since the accounts by BAKER (1876, (1896) (1897) 1898) .
The present study concerns detailed chromosome analysis of all available species and is based on living plants collected in the wild in sub-Saharian Africa.
MATERIALS AND METHODS

Material
All species, collected in the field and properly identified, have been cultivated in clay-pots in a John Innes-type of compost with the addition of extra grit to ensure proper drainage and placed in a greenhouse (minimum temperature 5° C ± 2) on the roof of the Plant Sciences Department of the University of Oxford or in cool greenhouse at the Botanic Garden of the University of Pisa. Watering was limited to about 8 months in the year, usually from late March to late October. In the intervening period, to prevent undue shrivelling, the plants were only lightly sprayed with rain-water when needed.
In spite of all care possible and of the first hand knowledge of their habitat, most species rarely survived more than two or three growing seasons but in all case sufficently for a thorough cytological and morphological investigation.
There are some signs that, in nature, the majority of the species of Eriospermum may probably live in a kind of symbiosis with some fungi and/or bacteria. Indications in this sense, gathered in dealing with more than four hundred and fifty different wild collections over several years, is given by the observation that dormant tubers, sent to Europe after careful washing, were on arrival surface-sterilized with a weak solution of sodium hypochloride. In a few cases, by an oversight, some tubers were not sterilized on arrival and these proved to be exceptionally long lived in cultivation.
Cytological preparations
For the cytological preparations generally, actively growing root-tips were pretreated in a 0.05% aqueous solution of colchicine for 3 hours at the same temperature as the growing plants. After fixing in 1:3 acetic-alcohol overnight, the tips were stained with a standard Feulgen method, squashed in 1.5% aceticorcein on a slide and made permanent. For the exact location of the nucleolar organizers (N.O.s) silver staining was performed according to the schedule suggested by HOWELL and BLACK (1980) .
Observations with transmitted light were made with a Zeiss Ultraphot II microscope and micrographs were taken on a Kodak Microfile-type film (ASA n. 6). Chromosome measurements, used for the compilation of the diagrammatic representation of the karyotypes, were taken on enlarged micrographs (usually x 3000) and, with the help of a Zeiss camera lucida, directly on the preparations, on at least five well-spread mitotic metaphases in all available accessions.
RESULTS AND DISCUSSION
On the basis of their chromosome complement, the 87 species and 11 subspecies of Eriospermum, analysed in our study, can be subdivided into eight very distinct karyotype Groups as illustrated in Fig. 1 .
A taxonomic and cytological synopsis of Eriospermum is indicated in Table 1 . The previous chromosome counts in the genus are listed in Table 2 .
Karyotype descriptions
Group A (x=7) 58 species and 4 subspecies (12 polyploids)
Six subterminal chromosomes, with the third in order of length, carrying the nucleolar organizer (N.O.) distally on the longer arm, and one small submedian chromosome about 1/3 of the length of the longest subterminal chromosome (Figs. 1A and 2).
Group B (x=7) 3 species
One submedian chromosome, the longest of the complement, carrying the N.O. distally on Group E (x=9) 3 diploid species and 3 diploid subspecies, (x=10) 4 diploid and 2 tetraploid species Bimodal karyotypes with three large (L-) chromosomes and either six or seven small (S-) chromosomes. The longest L-chromosome is submedian and is, in fact, very similar to the longest chromosomes of Groups B and C and, in the same way, carries the N.O. distally on its shorter arm. N.O.s are carried also almost distally on the long arm of one subterminal Lchromosome. The seventh S-chromosome of the x=10 karyo types is the smallest of the complement (Fig. 1E ).
Group F (x=5) 3 species Three submedian chromosomes, the second longest with the N.O. located distally on its long arm, and two subterminal chromosomes (Figs. 1F and 4 ).
Group G (x=7) 3 species and 2 subspecies (all tetraploid)
One long subterminal chromosome, five submedian chromosomes and one small submedian chromosome carrying the N.O. distally on its long arm (Fig. 1G) .
Group H (x=6) 2 species (1 tetraploid)
The chromosome complement of this Group may be a derivative of Group C or B karyotypes. However, it is very distinct and consists of two submedian chromosomes, with the longest carrying the N.O. on its short arm, and four subterminal chromosomes (Fig. 1H) .
Karyotype evolution
A sensu lato basic karyotype of the genus Eriospermum may be considered to be that of Group A (Figs. 1A and 2) , which includes 62 out of the 97 species and subspecies analysed in the present study.
Derivative of Group A karyotype might be Group B (Fig. 1B) and Group G (Fig. 1G) both with five species. These two karyotypes may have their origin in rearrangements, including breakage and reunion, inversions and also loss of chromosome segments. In all cases, these rearrangements involve chiefly the nucleolar chromosomes and the longest and the shortest chromosomes of the complement.
Relatively more complicated rearrangements, involving chromosome fusion with the loss of centromeres and the consequent reduction in the basic haploid number from x=7 to x=6 and x=5, may have been at the origin of the species of Group C (Figs. 1C and 3 ), Group D (Figs. 1D and 5), Group F (Figs. 1F and 4) and Group H (Fig. 1H) .
The origin of Group E (Fig. 1E ) bimodal karyotype, is rather more complex as it involves not only breakage and reunion, inversions, duplications and chromosome fusion, as in the presumed origin of the other karyotypes in Eriospermum, but also in the increase in the number of centromeres, from 7 to 9 and 10, and in the fragmentation (or better, in the parcelling off) of the original genome over a number of Land S-chromosomes.
Bimodal karyotype complements are found in quite a number of plant genera such as Aloe, Gasteria, Haworthia and in some species of Ornithogalum (to confine oneself only to some Southern African representatives). This type of chromosome complement may have different origin according to genera or to groups of species within genera. For example, in Aloe and in Gasteria but also in the related genus Haworthia, BRANDHAM (1983) envisages the origin of bimodality in crosses between species with large and small chromosomes, followed by chromosome doubling to restore fertility. On the other hand, VOSA (1983) , in his crosses between Southern African Ornithogalum species, with and without bimodal karyotypes, has found that the S-chromosomes of the bimodal species may derive directly from chromosome breakage and reunion and rearrangements in volving the pericentric and the distal regions of the Lchromosomes.
In any case, the redistribution of the genomic material over large and small chromosomes has consequences on meiotic recombination. It is known that chiasma frequency is different on large and on small chromosomes so that gene recombination may take place at different rates, according to chromosome size, giv ing rise to a kind of two-track heredity for the genes located on the two types of chromosome. This kind of heredity, probably by reducing or otherwise affecting recombination of useful gene sequences, may favour their preservation and have an effect on adaptation. Regarding the occurrence of two different haploid number in Group E bimodal karyotypes, the numerical change involves only the smallest of the S-chromosomes which may have increased in number through non-disjunction during meiosis, passed perhaps a relatively short period as supernumerary or B-chromosomes and then stabilized themselves as an adaptive feature.
Although we cannot exclude completely their existence in the genus as a whole, in our cytological studies in Eriospermum so far, we have not found species possessing B-chromosomes.
The probable evolutionary significance of leaf enations and of other special morphological characters of Eriospermum
A certain number of species of Eriospermum (Table 3) produce peculiar projection from the upper leaf surface (Fig. 6 ). These were called appendages by MARLOTH (1929) who suggested a special section Appendiculata for the species showing them. Later, following MASTER (1869), DUTHIE (1940) and ARCHIBALD (1960) called them enations. The term derives from the Latin enascor (enatus) with the meaning of having outgrowths from the surface.
Our investigation has shown that all the species with enations, apart from E. proliferum with a karyotype of Group D, have a Group A karyotype and belong to the subgenus Eriospermum, section Eriospermum, except E. paradoxum which belongs to the subgenus Ligulatum, section Thaumazum. Thus, the species with enations, with the noted exceptions, appear to form a natural grouping.
We may note that in this group, two polyploid species, E. alcicorne (6x) and E. cervicorne (8x), are sympatric in the northern part of their range together with several other diploid species with enations. It is probable that polyploidy may be the result of hybridization between distinct diploid species, with subsequent chromosome doubling. The other cases of polyploidy in our genus may indeed have the same origin.
However, more field work and observation in cultivation, together with updated cytological analysis, are in progress to clarify the polyploid situation in Eriospermum and will be the subject of a further article.
Regarding the probable evolutionary significance of leaf enations, it may be that they are part of a system of adaptation to the habitat in which the species carrying them live. In most of the species showing leaf enations, the surface of the lamina is considerably reduced and it seems that the photosynthetic function is taken over, at least in part, by the enations themselves. A good example of a species with conspicuous leaf enations is E. ramosum (Fig. 6) .
Careful studies over quite a number of growing seasons, both in the field and in cultivation, have shown that, in a given species, the size of the enations may vary within certain limits. In the case of a fairly great reduction, it was seen that the size of the leaf lamina tends to be more or less proportionally larger. Since the majority of the species of Eriospermum hold their single leaf flat and close to the ground, the presence of enations clearly extends in height the photosynthetic surface. Further, because of their random orientation the enations may enable the plant to take advantage of sunlight all day long. The flat spiralling leaves of a number of monocotyledonous species such as Albuca spiralis, Dipcadi spp., Bulbine spp., Cyrthanthus spp., Narcissus spp., etc. presenting to the sun, throughout the day, roughly the same photosynthetic surface, may have the same function as the enations in Eriospermum. Concerning the peculiarities of the leaves of our genus, an extreme situation is found in all three species of the section Photopedicellatum (subgenus Ligulatum). In these species, the leaf is greatly reduced in size, ephemeral and entirely absent during most of the vegetative period so that the photosynthetic function is carried out by the peduncle and by the pedicels, which remain green throughout the growing season.
Another interesting character of perhaps more than 70 species of Eriospermum, is the position of the growing point on the tuber. This is located either laterally but most often beneath, with the leaf stalk placed in a well defined groove (Fig.  6a) . This feature is usually characteristic of species growing in the more arid areas and its probable adaptive significance is to give added protection to the growing point. 
CONCLUSIONS
Taxonomic studies are based almost generally on morphology and sometimes also on geographical distribution. However, classical taxonomy does not usually take into account the existence of parallel development of characters arising, often, in response to ecological adaptation. Thus, it may happen that taxonomic conclusions may be not always in accordance with the genetic determinants of the characters taken into consideration.
In our chromosome investigations on Eriospermum, for instance, although on strict morphological ground all the species of the subgenus Ligulatum, section Synanthum, seem to have uniform characters (PERRY 1994) they belong in equal number (5/5) to karyotype Groups C and E, with quite different chromosome morphology and basic number. The same situation applies to section Ligulatum of the same subgenus. Here, out of eleven species analyzed, four belong to karyotype Group A, three to Group B and one each to Groups C, D, E and H. The subgenus Eriospermum, in comparison, appears to be fairly uniform although with notable exceptions. In fact, in its section Eriospermum, out of 40 species studied, 35 belong to karyotype Group A, three belong to Group G and one each to Group B and H. Ex-amples of phenotype/karyotype concordance are found in section Photopedicellatum (subge-nus Ligulatum) where all its three species belong to Group F and in section Gracilum (sub-genus Eriospermum) where all the five species investigated belong to karyotype Group A.
It is our opinion that the existence of distinct karyotypes must be regarded as decisive in order to satisfactorily separate otherwise morphologically similar taxa. In our study in Eriospermum, the direct comparison of the taxonomic findings of PERRY (1994) , with those indipendently obtained from chromosome analysis, has shown a good although not complete concordance. The use of the newer cytological techniques, including DNA analysis and of other molecular studies, may have a determinant role in dealing with some of the problems. In any case, the comparison itself illustrates very well the complementary nature and the usefulness of the two different approaches, by mutually highlighting and helping to solve the complex questions connected with evolution and with the concept of species.
The present study has definitely shown that detailed chromosome analysis, on a fairly large number of species, is to be considered a basic tool for corroborating taxonomic results.
